A novel Gram-stain-negative, non-spore-forming and short rod-shaped bacterium, strain LIP-5 T ,
isolated from an activated sludge in a pesticide factory in Xinyi, China, was investigated for its taxonomic position by a polyphasic approach. Cell growth occurred at 16-42 C (optimum, 30 C), in the presence of 0-3.0 % (w/v) NaCl (optimum, without NaCl) and at pH 6.0-9.0 (optimum, pH 7.0). Phylogenetic analysis based on 16S rRNA gene sequence comparisons showed that the isolate was a member of the family Chitinophagaceae, with the closest relatives being Arachidicoccus rhizosphaerae Vu-144 T (93.5 % similarity), followed by Heliimonas saccharivorans L2-4 T (90.5 %) and Chitinophaga ginsengisoli Gsoil 052 T (89.6 %).
Menaquinone 7 (MK-7) was the predominant respiratory ubiquinone and phosphatidylethanolamine and unidentified lipids were the major polar lipids. The major cellular fatty acids of strain LIP-5 T were anteiso-C 15 : 0 and iso-C 15 : 0 , and there were also moderate amounts of iso-C 17 : 0 3-OH and C 17 : 0 2-OH. The DNA G+C content was 42.3 mol%. On the basis of phenotypic, chemotaxonomic and phylogenetic data, strain LIP-5 T was classified as representing a novel species of a new genus, for which the name Haoranjiania flava gen. nov., sp. nov. is proposed. The family Chitinophagaceae was proposed by K€ ampfer et al. (2011) to incorporate several genera on the basis of 16S rRNA gene sequence analyses and similarities in some phenotypic characteristics. Members of this family comprise a group of Gram-stain-negative, usually non-motile, often rod-shaped aerobes or facultative anaerobesthat contain menaquinone 7 (MK-7) as the predominant respiratory ubiquinone. At the time of manuscript preparation, the family Chitinophagaceae comprised 22 genera: Chitinophaga (Sangkhobol & Skerman, 1981; K€ ampfer et al., 2011) , Terrimonas (Xie & Yokota, 2006) , Niastella (Weon et al., 2006) , Segetibacter , Niabella (Kim et al., 2007) , Flavisolibacter (Yoon & Im, 2007) , Sediminibacterium (Qu & Yuan, 2008) , Balneola (Urios et al., 2008) , Gracilimonas (Choi et al., 2009) Lee et al. (2013) , Leandro et al. (2013) , Madhaiyan et al. (2014) , Albert et al. (2014) , Zhao et al. (2014) and Kim et al. (2014) , respectively.
During the course for isolation of herbicide-degrading bacteria from an activated sludge in a pesticide factory located in Xinyi, China (34 22¢ 13.26 † N 118 20¢ 59 .33 † E), one strain, designated LIP-5 T , was obtained. On the basis of phenotypic and genotypic analyses, strain LIP-5 T could not be classified into any known genus. Therefore, in this paper, characterization and classification of a novel genus-level strain within the family Chitinophagaceae is reported. Strain LIP-5 T was isolated by enrichment of the sludge samples with minimal salt medium (MSM) (Zhang et al., 2015) supplemented with 1 g glucose l À1 in a flask on a rotary shaker (shaking at 160 r.p.m.) at 30 C for 7 days. The isolation procedure was similar to that described in a previous report (Liu et al., 2014) . The isolate was stored at À70 C in Luria-Bertani (LB) medium with 15 % (v/v) glycerol.
Cell morphological, biochemical and physiological characteristics were investigated by cultivating strain LIP-5 T on LB agar at 30 C. Cell morphology and motility were examined as described previously (Liu et al., 2014) using cells that had been grown for 2 days to the logarithmic phrase. In addition, nitrate reduction, production of indole and H 2 S, activities of arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, urease and gelatinase, and the Voges-Proskauer test were assayed using API 20E and API 20NE kits (bioM erieux) according to the manufacturer's instructions. Other enzyme activities and carbon metabolism were assayed using API ZYM kits (bioM erieux) and the Biolog GN2 system. Hydrolysis of casein, chitin, DNA and starch was tested according to the methods of Smibert & Krieg (1994) . Tolerance of salt was tested in modified LB medium containing 0, 0.5, 1, 1.5, 2, 2.5, 3, 4 and 5 % (w/v) NaCl after 3 days of incubation. The pH range (pH 4.0-10.0 at intervals of 0.5 pH units) was assessed in LB broth adjusted with HCl and NaOH at 30 C for 3 days, and the temperature range (4, 10, 20, 25, 28, 30, 37 and 42 C) for growth was investigated by growing the isolate on LB agar for 3 days. Growth was monitored by measuring the optical density of the culture at 600 nm (OD 600 ). Cell growth was also evaluated on R2A agar (Difco) and tryptic soy agar (TSA; Difco) at 30 C. Antibiotic susceptibility was preliminarily examined by placing different antibiotic discs on LB agar at 30 C for 2 days (Zhang et al., 2015) .
Biomass for molecular systematic and chemotaxonomic studies was obtained after incubation at 30 C for 2 days in LB broth to logarithmic phase and then lyophilized immediately. The analyses of quinones, polar lipids, cellular fatty acids and genomic DNA G+C content were all determined by the Identification Service of the DSMZ (Braunschweig, Germany). Respiratory quinones and polar lipids were extracted as described by Tindall (1990a, b) and Tindall et al. (2007) , respectively. Respiratory quinones were analysed by HPLC and polar lipids were analysed by using two-dimensional TLC. Cellular fatty acid analyses were performed by using the Sherlock Microbial Identification System (MIDI) as described by Miller (1982) and Kuykendall et al. (1988) . The genomic DNA G+C content was determined by HPLC according to Mesbah (1989) , after DNA was extracted and purified according to standard procedures (Tel-Zur et al., 1999) .
The almost-complete 16S rRNA gene sequence of strain T was obtained by PCR amplification using universal primers (Lane, 1991) . The purified PCR product was cloned into the pMD19-T vector and sequenced using an automated sequencer (model 3730; Applied Biosystems). The sequence obtained was compared to known sequences in GenBank using the BLAST program of the National Center for Biotechnological Information (http://www.ncbi.nlm. nih.gov/BLAST/) and also identified in EzTaxon server 2.1 (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Sequence alignment and phylogenetic tree reconstruction were carried out as previously described (Zhang et al., 2015) .
Colonies of strain LIP-5
T grown on LB agar were smooth, light yellow and moist after 2 days of incubation at 30 C. Strain LIP-5
T was Gram-stain-negative and catalase-/oxidasepositive. Cells were short rod-shaped (approx. 0.7-0.8 µm long and 0.4-0.5 µm wide) (Fig. S1 , available in the online Supplementary Material). Growth of strain T was observed at 16-42 C and the optimal temperature for growth was 30 C. Growth occurred at pH 6.0-9.0, with an optimum at pH 7.0. It grew in the NaCl concentration range of 0-3.0 % (w/v) and with optimum growth in the absence of NaCl. It was susceptible to ampicillin, rifampicin, tetracycline, vancomycin, chloramphenicol and erythromycin, but resistant to kanamycin, gentamycin, streptomycin, polymyxin B, lincomycin and spectinomycin. Based on the results of the Biolog GN2 system, strain LIP- In API 20E tests, strain LIP-5 T was positive for the Voges-Proskauer (acetoin) reaction, hydrolysis of arginine, and fermentation/oxidation of glucose, sucrose, melibiose and amygdalin, but negative for production of urease, gelatinase, H 2 S, indole, and fermentation/oxidation of mannitol, inositol and rhamnose. In API 20NE tests, strain LIP-5 T could hydrolyse aesculin. Nitrate was not reduced to nitrite. In addition, gelatin, casein, chitin, DNA and starch were not hydrolysed. In the API ZYM enzyme profile, strain LIP-5 T was positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine aminopeptidase, valine aminopeptidase, acid phosphatase and other enzymes except b-glucuronidase. Differential characteristics between strain LIP-5 T and closely related members of the family Chitinophagaceae are summarized in Table 1 .
The cellular fatty acid profile of strain LIP-5
T contained large amounts of anteiso-C 15 : 0 (38.2 %) and iso-C 15 : 0 (33.6 %) and moderate amounts of iso-C 17 : 0 3-OH (8.5 %) and C 17 : 0 2-OH (5.6 %). Other cellular fatty acids are listed in Table S1 . The major respiratory quinone was MK-7 and no other quinone components were detected. The polar lipid profile included the major compounds phosphatidylethanolamine and unidentified lipids (Fig. S2) . The G+C content of the genomic DNA was 42.3 mol%.
The 16S rRNA gene sequence (1489 bp) of strain LIP-5 T was obtained and aligned. Sequence similarity calculations indicated that strain LIP-5 T belongs to the family Chitinophagaceae in the phylum Bacteroidetes, with Arachidicoccus rhizosphaerae Vu-144 T (93.5 % similarity) and Heliimonas saccharivorans L2-4 T (90.5 %) being the closest relatives. Members of other genera in the family Chitinophagaceae all showed less than 90 % 16S rRNA gene sequence similarity to strain LIP-5 T . Phylogenetic analysis based on 16S rRNA gene sequences showed that strain LIP-5 T forms a cluster with members of the genera Arachidicoccus, Cnuella, Heliimonas and Filimonas (Fig. 1) . Examination of the phylogenetic relationships between strain LIP-5 T and related strains showed that strain LIP-5 T forms a cluster with Arachidicoccus rhizosphaerae Vu-144 T within the family Chitinophagaceae (Figs 1,  S3 and S4) . Therefore, the low 16S rRNA gene sequence similarities to phylogenetic neighbours in the family Chitinophagaceae, together with phenotypic and chemotaxonomic data, indicate strongly that strain T is a member of a novel species of a new genus in the family Chitinophagaceae. On the basis of these results, we propose a new genus and species to accommodate the isolate, with the name Haoranjiania flava gen. nov., sp. nov.
Description of Haoranjiania gen. nov.
Haoranjiania (Hao.ran.jian¢i.a. N.L. fem. n. Haoranjiania named in honour of the Chinese environmental microbiologist Hao-Ran Jian).
Cells are Gram-stain-negative, short rod-shaped, nonspore-forming, and oxidase-and catalase-positive. The predominant fatty acids are anteiso-C 15 : 0 , iso-C 15 : 0 and (Madhaiyan et al., 2014) ; 3, Heliimonas saccharivorans L2-4 T (Leandro et al., 2013) ; 4, Chitinophaga pinensis DSM 2588 T (Sangkhobol & Skerman, 1981; K€ ampfer et al., 2011) ; 5, Niastella koreensis GR20-10 T (Weon et al., 2006) ; 6, Sediminibacterium salmoneum NJ-44 T (Qu & Yuan, 2008 
Major fatty acids (>10 % of the total) anteiso-C 15 : 0 , iso-C 15 : 0 iso-C 15 : 0 , iso-C 17 : 0 3-OH iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 15 : 1 G iso-C 15 : 0 , C 16 : 1 !5c, iso-C 17 : 0 3-OH iso-C 15 : 0 , iso-C 17 : 0 3-OH iso-C 17 : 0 3-OH. The predominant respiratory ubiquinone is MK-7. The major polar lipids are phosphatidylethanolamine and unidentified lipids. The genus is a member of the order Sphingobacteriales and belongs to the family Chitinophagaceae. The type species is Haoranjiania flava.
Description of Haoranjiania flava sp. nov.
Haoranjiania flava (fla¢va. L. fem. adj. flava yellow, the colour of the colonies).
In addition to the characteristics reported for the genus, cell growth occurs at 16-42 C (optimum, 30 C), at pH 6.0-9.0 (optimum, pH 7.0) and with NaCl concentrations of 0-3.0 % (w/v) (optimum, without NaCl). Good growth occurs on LB agar and also on R2A agar and TSA after incubation for 2 days at 30 C. Voges-Proskauer (acetoin) reaction and hydrolysis of arginine are positive. Nitrate is not reduced to nitrite. Gelatin, casein, chitin and starch are not hydrolysed, no DNase or urease activity, and negative for production of indole and H 2 S. Cells are positive for The type strain, LIP-5 T (=CCTCC AB 2015365 T =KCTC 42956 T ), was isolated from an activated sludge from Xinyi, China. The DNA G+C content of the type strain is 42.3 mol%.
